muscle cells growing in the primary culture derived from outgrowths of the intimal-medial explants of both rat and human arteries were used. The 72-hr sequential glucose uptake by the cells of both species in culture dishes was enhanced only slightly with time by the addition of insulin to culture medium, and this enhancement was statistically not significant. The glucose conversions to CO, and lipids by the rat and human cells dissociated for tracer study were not affected significantly during the 2-hr incubation by the insulin addition in vitro. The smooth muscle cells of both species cultured for a week in medium enriched with insulin and then dissociated revealed the signi ficantly increased glucose conversion to lipids, while the increase in the glucose conversion to CO2 was not significant in these cells. Thus, the smooth muscle cells of both rat and human seem to show significant metabolic response to chronic, but not acute, exposure to insulin. Therefore, it is likely that the persistent change in the insulin level may lead to abnormal metabolic state in the artery.
Smooth muscle cells of the artery, the major constituent of the tissue, sty known to play an important role through their early proliferation and lipid deposi tion in the development of atherosclerosis (Ross and Glomset 1973; Goldstein et al.. 1977) . It is also well-known that insulin has multiple influences on metabolic pathways of almost all tissues by enhancing the membrane transport, and activating and synthesizing the key enzymes. Thus, insulin may also affect arterial smooth muscle cells through one or more of the above mechanisms, main taining the normal cell activity and, under the altered level of the hormone, leading to abnormal metabolism. However, some controversy seems to remain concerning the metabolic responsiveness of arterial cells to insulin. Urrutia et al. (1962) reported no immediate responsiveness to insulin of the glucose metabolism in isolated rat aortic tissue in vitro. Similar results were obtained in the in vitro experiment on rabbit aortic tissue by Mulcahy and Winegrad (1962) , and on pig aortic tissue by Somer and Schwartz (1976) . On the contrary, Stout (1971 Stout ( , 1975 reported a significant acceleration of lipid synthesis by aorta in vivo within a few hr after insulin injection in the rat. Although the reason for the discrepancy between the above authors could not be clarified, the in vitro and in vivo studies may well yield the different results. However, there have been few studies on the responsiveness to insulin of human arterial smooth muscle cells. Such studies in the human may have clinical implication since arterial metabolism in the human might be different from that in other species (Lindsay and Chaikoff 1963 In a separate series the smooth muscle cells from the 4 cell series were cultured with the standard medium and the insulin-enriched medium for 7 days. The cells dissociated were washed 5 times with physiologic saline. After a small portion of the cell suspension was taken for counting the cell number, the cells were homogenized and the cell contents of total lipids (Frings and Dunn 1970) the insulin-enriched medium. Since no differences were noted between the above cell numbers, the rates of decrease in the medium glucose concentrations shown in Fig. 1 can be compared as the rates of cell glucose uptake in these dishes. Both rat and human cells were shown to take up glucose avidly at a fairly constant rate during the 72-hr period. No apparent increase in the rate of glucose uptake was noted in rat or human cells cultured with the insulin-enriched medium as compared to those cultured with the standard medium. The results of the second and the third experiments are summarized together in Tables 1 and 2. Table 1 shows the acute and chronic effects of insulin on glucose oxidation to CO, in the cells. The in vitro insulin addition to the incubation medium containing the cells previously cultured with the insulin poor medium produced only insignificant increases (p>0.05) in the glucose conversion to CO, either in the rat series (al vs. a2, 25%) or in the human series (bl vs. b2, Approximately 5 x 10° cells were seeded into each Petri dish. When the cells grew to near confluency in the dishes, the cells were then cultured in the medium with or without insulin addition (200 ,X/ml). Effect of insulin addition on the cell number, or cell lipid or protein content was not statistically significant (p>0.05). 12%), during the 2-hr incubation. When the rat and human cells were cultured for a week in the insulin-enriched medium, the in vitro glucose conversion to CO, during the 2-hr incubation also showed only insignificant increases both in the rat cells (al vs. a3, 45%) and in the human cells (bl vs. b3, 45%). The in vitro insulin addition to the incubation medium did not accelerate the glucose oxidation to CO, in the cells of either species cultured for a week with the insulin-enriched medium (a3 vs. a4, b3 vs. b4). No significant differences were found between the two species in the acute or chronic cell responsiveness to insulin measured by the glucose conversion to CO, as indicator. Table 2 shows the acute and chronic insulin effects on the glucose conversion to total lipids in the cultured cells. The in vitro insulin addition to the cells cultured previously with the insulin poor medium showed no apparent effects on the glucose conversion to lipids either in the rat cells (al vs . a2, 23%) or in the human cells (bl vs. b2, 16%). The cells cultured for a week with the insulinenriched medium revealed an increased conversion of glucose to lipids, and the increase was significant both in the rat cells (al vs . a3, 64%, p<0.02) and in the human cells (bl vs. b3, 91%, p<0.05).
The in vitro insulin addition did not accelerate the glucose conversion to lipids either in the rat or human cells cultured for a week with the insulin-enriched medium (a3 vs. a4, b3 vs . b4). No significant differences were noted between the rat and human cells in the acute or chronic responsiveness to insulin measured by the glucose incorporation into lipids as indicator.
As shown in Table 3 , the cells cultured in the medium enriched with insulin for a week showed no increase in cell number and only insignificant increases in cell lipid and protein contents for both species.
DISCUSSION
In the present study, insulin showed no apparent acceleration of glucose uptake during the 72-hr period by the arterial smooth muscle cells of either rat or human in the culture dishes. The dissociated cells of either species showed no immediate response to insulin in vitro when glucose conversion to CO, or lipids was adopted as indicator. Thus, the glucose transport into the arterial smooth muscle cells of both species may possibly be insulin independent. Our results on the rat cells were essentially similar to those of Urrutia et al. (1962) and different from those of Stout (1971 Stout ( , 1975 . No immediate effect of insulin on glucose metabolism was found in the aortic tissue of the rabbit (Mulcahy and Winegrad 1962) or the pig (Somer and Schwartz 1976) . In addition, the present study showed no prompt response to insulin of glucose metabolism of the human arterial cells. To be noted is that the glucose conversions to lipids were significantly increased after the cells were cultured with the insulin-enriched medium for a week. Although the control cells were cultured with the medium containing the small amount of insulin derived from FCS, the observed increase in the cell response to the insulinenriched medium may be accounted for by the increased activity of the enzymes related to glucose metabolism that was caused by the insulin addition. However, no difference was noted between the two species in the responsiveness of cell glucose metabolism to the chronic exposure to insulin. The lipid content of the rat and human cells cultured with the insulin-enriched medium was increased only slightly despite the significantly increased rate of lipid synthesis. This might suggest that the turnover of lipids was also accelerated in such cells. The reason for the suggestive increase in the protein content of the arterial smooth muscle cells of humans as compared to that of rats during the culture with the insulin-enriched medium remains obscure. Finally, it is presumable that the long-lasting hyperinsulinism in certain human obesity as well as insulinopenia in diabetes mellitus may lead to metabolic disorders in the artery.
